Abstract
Introduction

42
Biogas 1 has a long history, but it was not until the two oil shocks of 1973 and 1979 that energy 43 production from renewable sources including biogas was considered as an element of energy 
71
The purpose of this study thus was to assess the economic feasibility of a cheaper biogas digester 72 design, known as 'flexible balloon' design among smallholder farmers using a case study from 73 Uganda. Detailed empirical data on a range of cost and benefit items associated to the 'flexible 74 balloon' biogas digester design have come from an experimental/pilot household records 1 Biogas technology is an integrated waste management and clean and renewable energy production system. Biogas is produced through an anaerobic biological process using any available organic material such as cow dung, human excreta, and food wastes. The gas produced is similar to natural gas and is composed of 50-70% methane, the remainder being composed of carbon dioxide and traces of hydrogen sulfide and ammonia. It can be used mainly for heating, cooking, and electricity production. 2 See appendix A for brief descriptions of the three most common biogas digester designs in use in Sub-Sharan Africa. waste and is stored in the upper part of the bag. The gas is piped from the bag through a gas 86 connection on top, and from there it is piped into the kitchen. In its least complex form, there are 87 no systems for stirring or heating up the contents of the digester.
88
These digesters were monitored for about a year and detailed empirical records on the socio-89 economics, technical, and operational aspects of the installed digesters were obtained. The aim
90
was to obtain empirical data that would help assess the technical (e.g., quantity of gas), social
91
(e.g., household health impact) and economic (i.e., the costs and benefits) of alternative biogas 
A brief overview of cost-benefit analysis
104
CBA is an applied economic tool often used to guide the allocation of resource or investment 'principle of potential compensation' (Hicks, 1939; Kaldor, 1939 proposed change and that of without it. The with-and-without approach is at the heart of the cost-117 benefit process.
118
CBA has been applied in the economic assessment of investment in various environmental and 
145
This study applied the CBA using empirical data on costs and benefits obtained from the 146 experimental households in Tiribogo community (south-west Uganda) and questionnaire survey 147 of sampled households in the vicinity of the experimental community in Mpigi district (Uganda).
148
The method of estimating the cost and benefit items are detailed in section 3.3. 
Sampling and field data collection
185
The data used in this study have come from the survey of Tiribogo community in central Uganda The data collected was used to generate fact sheets and to rank the suitability of households for consumption and household labour availability -were used to identify pilot households.
198
Once the pilot households identified, farm household data were collected in two different with digesters how much time they spent on carrying out these activities each time they fed the 220 digester.
222
The benefits gained include biogas for cooking and lighting, use of slurry as a fertilizer, In order to determine the value of the reduced labour cost for fuelwood collection or expenditure 233 on fuelwood, households were asked the frequency of fuelwood collection each month or the 234 amount they spend if they would buy fuelwood before and after they installed the digester. These The amount of biogas generated per year in mega joules by each household was recorded and 245 estimated during the study (Appendix B). To estimate the value, the mega joules were converted 246 to electricity equivalent using a conversion factor (one Kilowatt hour of electricity is equivalent 247 to 3.6 mega joules). In Uganda, the price of 1 Kilowatt of electricity in 2013 was 500 Uganda 
where INV is the initial investment for the flexible balloon digester (UGX) and CF k is the annual 280 net saving in the k th year (UGX) and is the discount rate (%). Under the NPV criterion, d 281 investments with positive NPV are considered to be economically feasible. This implies that the 282 rate of return on the investment is higher than the discount rate used and is greater than the 283 opportunity cost of capital used to finance the investment. Projects with a negative NPV should 284 be rejected while a zero NPV makes the investor indifferent, in which case other factors and 285 benefits relating the investment should be considered (Walekhwa, 2010) .
286
The PBP refers to the number of years it would take for an investment to return the original cost 
Results and discussion
Results from the survey of experimental households
294
The majority of the households (90% and 89%) use fuelwood for cooking and kerosene for 295 lighting respectively. Fuelwood is affordable and fairly available from the surrounding forest.
296
Fuelwood is often perceived as the cheapest form of energy available to low income households and environmental benefits to rural community of Nepal, found that the local people in the study 304 area depended on the forest resources as the main source of fuelwood.
306
The findings furthermore reveal that households reported were willing to pay UGX 135,000 (just 307 over USD 50 per digester) to purchase a new flexible balloon digester. Considering the actual 308 cost of a flexible balloon digester (UGX 1,332,630), ca. USD 500, it portrays that the amount 309 households were willing to pay for a new digester is 10 times less than the actual cost of the 310 digester. The high actual cost is attributed to importation and the low willingness to pay can be 311 explained by the low household income. for the remaining few members of the household using a small saucepan well suited to the small 326 cooking stoves with biogas energy takes a shorter cooking time than that of fuelwood (Table 1) . be the inefficiencies of a plastic digester such as failure to maintain gas for a long period. For Table 2 shows the costs and net savings by an individual household substituting biogas energy 365 from flexible balloon digester for both fuelwood (cooking energy) and kerosene (lighting). All 366 the nine households using the biogas had a positive net annual savings as a result of substituting 367 biogas for fuelwood and kerosene. Collecting water and feeding the substrates to the digester are the two major labour demanding 375 activities. If water source or collection point is in close proximity to the household, the 376 household incurs low operational cost. The low biogas cost of HH5 and HH9 (Table 2) are 377 mainly attributed to close proximity of these households to water sources. In the case of using 378 hired labor, the seasonal fluctuations in household labour demand and supply affect the cost.
379
Because, in agrarian village economy, there is high demand for labour during the peak-farm (Table 4) . However, reducing the discount rate by 50% shows that the digester still remains not 424 viable financially for all experimental households (Table 4) . The payback period is 8.6 years is far greater than the economic life of a flexible balloon 
